I.
The importance of human capital for economic development has been understood since the seminal works of Schultz 1 and Gary Becker 2 in the early 1960s. However, the positive role of education has mainly been ascribed to elementary schooling providing basic skills such as literacy. 3 The role of secondary education is less clear and empirical results are more ambiguous. 4 In this paper, I analyze the introduction of so-called 'modern secondary education' in Bavaria,
i.e. the Gewerbeschule 5 , introduced in 1829, and the Realschule, in 1877, and their impact on economic performance.
The Gewerbeschule was introduced in several Bavarian cities between 1829 and 1835 and paved the way for modern secondary education: in contrast to the Gymnasium -the predominant type of secondary schooling at that time -which focused mainly on classical languages and abstract teaching of mathematics, the curriculum of the Gewerbeschule contained a high proportion of socalled "realistic" subjects such as modern languages and natural sciences. 6 These skills were (and still are) considered important contributors to economic growth. In 1877 all 40 Gewerbeschulen were replaced by Realschulen. By 1907 there were more than 50 Realschulen on Bavarian soil. The curriculum introduced an obligatory third language, natural sciences, and a redefined focus on mathematics; moreover, three more years of schooling were added. 7 Over the years, modern secondary education established itself as a popular alternative to traditional secondary education, i.e.
Gymnasium.
Rudolf Diesel -the inventor of the Diesel engine -is a prominent example of a modern secondary school career: growing up in Paris, he convinced his parents to send him to Augsburg to 4 Goldin studies the diffusion of secondary education across the United States during the first half of the twentieth century, also called the 'high school movement'. This study shows that expansion of school enrollment rates took place in relatively wealthy states lacking a large manufacturing sector since the availability of manual jobs increased youth's opportunity costs. Furthermore, empirical results indicate that returns to education were substantial at the beginning of the movement but mainly resulted from changing from manual to white-collar jobs. See Goldin, 'America's graduation', Goldin, 'Egalitarianism', and Goldin and Katz, 'Education and income'. For evidence on practice-oriented secondary education see Psacharopoulos and Patrinos, 'Returns'. 5 Note that although Gewerbeschulen were called 'Landwirtschafts-und Gewerbeschulen' until 1864, in the following analyses I will use the term Gewerbeschule as an umbrella term. 6 Döllinger, Sammlung, pp. 1691-8. 7 Ministerialblatt (1877), pp. 197-205. attend the local Gewerbeschule where his uncle was a teacher. Still at the Gewerbeschule (between 1870 and 1873) he decided to become an engineer. Therefore, he continued to the Industrieschule and then to the Technische Hochschule in Munich to study industrial engineering. 8 Other prominent former students of modern secondary education are Heinrich von Buz, industrialist and manager of MAN (Gewerbeschule Augsburg, 1845-9) 9 and Friedrich Fischer, inventor, industrialist and founder of Kugelfabrik Fischer (Gewerbeschule Schweinfurt, ca. 1861-6).
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To assess the economic impact of modern secondary schooling, I employ county data on business formations, tax revenues, self-employed in trade and industry and employees in services and industry. In case of the Realschule, I use the number of granted patents as an additional measure of economic performance. All variables capturing economic performance are measured several years after the opening of a Gewerbeschule/Realschule to account for the fact that innovations in schooling might need some time to materialize in the economy. As the introduction of modern secondary education in a city is likely correlated with the city's current and future level of economic development, I employ propensity score matching following Rosenbaum and Rubin 11 and Crump et al. 12 I can show that modern secondary education indeed had a positive impact on economic performance. Counties that introduced a Gewerbeschule by 1835 are associated with a significantly higher share of the population employed in industry in 1882, more tax revenues between 1881-4, and a higher per-capita number of business openings some forty years later than comparable counties without modern secondary schooling. Counties that opened a Realschule by 1896 have a higher share of the population employed in services and industry as well as a higher degree of innovativeness as captured by patents grants, several years later. These effects are all statistically significant even when accounting for a wide range of control variables.
This analysis contributes to the existing literature in several dimensions. In a broader context, it adds to the literature on the impact of schooling -and thus human capital -on economic growth.
8 Diesel, Diesel, Luther, Rudolf Diesel, . 9 Luther, Heinrich von Buz, p. 133. 10 Meer, Friedrich Fischer, See Rosenbaum and Rubin, 'Propensity score'. 12 See Crump et al., 'Dealing with limited overlap'.
Human capital plays a prominent role in various growth models. In these models, human capital can either enter the production function on its own 13 or by influencing the ability to absorb new technologies. Models of the last kind are based on the seminal work of Nelson and Phelps 14 ; these models focus on the importance of human capital for technology diffusion: the higher the level of human capital in a country, the higher is the ability to adopt and implement new technologies and hence, the faster is the rate at which this country will catch up to the technological leader nation.
Empirical applications of models in this spirit support the model predictions and reveal that the human capital stock determines income growth rates and thus convergence rates. 15 However, there is also evidence that not only the initial level of human capital but also changes to it through education policies influence economic growth.
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One problem in the above named studies is that human capital is mainly proxied by years of schooling. 17 For example, Easterlin compares primary school enrollment rates of several nations and concludes that expansion of schooling preceded economic growth. 18 Walters and Rubinson focus on the impact of educational expansion on economic output in the United States from 1890 to 1969. They find time-specific economic effects of secondary and doctorate education. 19 Barro shows that economic growth is positively associated with secondary and higher educational attainment of males.
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However, using this quantity measure of human capital might be misleading since 'years of schooling'
yields no information about the educational value of schooling. Hence, Barro also adopts students' scores on internationally comparable examinations and finds that especially results in science tests are 13 See for example Romer, 'Endogenous technological change' and Mankiw et al., 'Empirics of economic growth'. In Romer's model human capital is used in the research sector to produce new designs or generate new knowledge which in turn determines technological change. As a consequence, the larger the stock of human capital in the economy, the faster is economic growth as technological progress speeds up. Mankiw et al. use a Solow Model where they include human capital as an independent input factor in the production function.
Comparing the standard Solow Model (Solow, 'Theory of economic growth') with their augmented version, they show that their model is able to explain cross-country variations in income far better than the standard model without human capital. They conclude that differences in education across countries can explain low levels of convergence in income between countries. However, In contrast to endogenous growth models such as Romer's, technology (and labor By focusing on Bavaria, I circumvent the problems associated with cross-country analyses:
since comparing different counties within one sovereign territory, there are no major institutional, cultural, geographical or technological differences between these counties. Furthermore, Bavaria provides an interesting example to study the economic impact of educational innovations. As a state relying mostly on the agrarian sector, it was relatively backward in economic terms -especially when compared to Prussia -and available secondary schooling (i.e. Gymnasium) lacked practical orientation. 35 Hence, the introduction of the Gewerbeschule and Realschule as new school types focusing on scientific content and its practical application provides the unique opportunity to assess the impact of innovations in education on the economy.
The remainder of the paper is structured as follows: First, an overview of the German educational system during the nineteenth and early twentieth century is given. A special emphasis is 29 For example, John Banks gave lectures in Manchester on mechanics during the late eighteenth century. His lectures and books focused on solving problems commonly encountered by engineers and on increasing the mechanical knowledge of his audience (Musson and Robinson, Science and technology, p. 107) . 30 Mechanics institutes evolved in English towns during the late nineteenth century and offered instruction and practical application of science to the working class (Mitch, 'Role of education', . For example, there existed 39 mechanic institutes in Liverpool in 1850 (Inkster, Science and technology, p. 79 thereby placed on the Bavarian schooling system. Moreover, this section explores the channel through which the Gewerbeschule and Realschule might influence the economy. This is followed by an introduction of the empirical model and a description of the data. The next section discusses the endogeneity associated with the opening of a modern secondary school and introduces an empirical approach to deal with this problem. The subsequent section presents the empirical results. The final section concludes.
II.
The most important form of German secondary schooling 36 throughout the nineteenth century was the Gymnasium. 37 Children usually transferred around age eleven after primary education -acquired either at a public school ('Volksschule') or private institution ('Vorschule') -to the Lateinschule.
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Students were required to complete this four-year institution (after 1874: five-year) in order to be entitled to attend the four-year Gymnasium. Thus, after completion of the Gymnasium students were about 18 to 20 years old (depending on the respective decade). The curriculum of the Gymnasium focused on the classical languages Greek and Latin and abstract teaching of mathematics. The
Gymnasium understood itself as an institution providing higher general, religious and moral education and preparing students for independent studies at the university. 39 Throughout the 19th century, only the Gymnasium possessed the right to confer the Abitur -a prerequisite for university admittance. ; in these cities, Bürgerschulen should be transformed into Gewerbeschulen. 45 Gewerbeschulen were set up in close cooperation with industrial and trade associations. These groups were not only supposed to support the state in financing Gewerbeschulen but also to manage these schools together with state officials. 46 Hence, these associations -or lobby groups -played a decisive role in the emergence and management of modern secondary education.
Gewerbeschulen were designed as three-year schools and pupils directly transferred to them after having completed the Volksschule around age twelve. 47 A degree of the Gewerbeschule entitled to transfer to the Polytechnische Schule. This institution prepared for studies at the Technische Hochschule (i.e. a technical university) until they were replaced by Industrieschulen in 1868. 48 Since the original curriculum of 1833 mainly provided a technical education -which clearly differentiates them from former Bügerschulen -these early Gewerbeschulen can be understood as professional schools. 49 Furthermore, Gewerbeschulen had to include an agricultural department 50 called 'Landwirtschafts-und Gewerbeschulen'. Table 1 illustrates the official curriculum for students of the Gewerbeschule. Besides the courses in Table 2 , students had to visit the so-called 'Realienunterricht' -i.e. general education -at a Gymnasium as depicted by Table 2 . Table 1   Table 2 By the school year of 1835/1836, 30 Landwirtschafts-und Gewerbeschulen existed in Bavaria.
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The technical orientation and the corresponding lack of general education of the Landwirtschafts-und Gewerbeschulen were widely criticized. Especially the rectors of the Bürgerschulen that had to be transformed into Gewerbeschulen stressed the importance of general education. As a consequence, the curricula of many Gewerbeschulen deviated from the official curriculum (cf. In 1864, Landwirtschafts-und Gewerbeschulen were substantially reformed. The weekly hours devoted to general education in form of the 'Realienunterricht' were expanded. The resulting schoolhenceforth only called Gewerbeschule -provided general education and prepared for commercial and industrial professions. 54 In order to meet the specific needs of their local environment, Gewerbeschulen were free to set up agricultural and commercial departments. 55 Table 3 shows the curriculum of the reformed Gewerbeschule. The curriculum consisted of courses for all students (first eight subjects) and of courses depending on the respective departments. Table 3 As In 1877, all three-year Gewerbeschulen were officially transformed into six-year Realschulen.
Realschulen were supposed to provide higher civic education on the basis of modern languages, mathematics, sciences and history. The curriculum of the Realschule now included an obligatory third language (in this case English), a redefined focus on mathematics and natural sciences such as physics, as well as physical training. 57 Table 4 gives the curriculum of the Realschule. This curriculum was more or less effective throughout the existence of the Realschule 58 which lasted until 1907 when it was integrated into the new system of Oberrealschulen.
59 Table 4 Table 5 shows the curriculum of traditional secondary education, i.e. the Lateinschule and Gymnasium, from 1874 onwards. 60 Admittance to the Gymnasium required that students visited a Lateinschule first. 61 Thus, in combination with the Lateinschule, the Gymnasium comprised three more classes than the Realschule, making it a nine-year institution. Students started both school types -modern and traditional secondary education -around age eleven; hence, at graduation, students were on average 16 in the Realschule and 19 in the Gymnasium.
62 Table 5 Comparing the curricula of modern with traditional secondary education implicates that modern secondary education placed a greater emphasis on scientific subjects and modern languages: the Realschule devoted more weekly hours to mathematics, arithmetic, and physics -these were even combined to one subject in the traditional schools -and taught more hours of French than the 56 Kleinfeller, Realschulen, pp. 39-40. 57 Ministerialblatt (1877), pp. 197-255. 58 In 1894, this curriculum was slightly reformed. For instance, calligraphy was added to the schedule of classes 1 and 2 and writing as an independent subject was removed from the curriculum. Gymnasium. English and chemistry were absent from the obligatory curriculum of the Gymnasium, whereas Latin and Greek clearly dominated the curriculum.
After the Realschule, children could transfer to the Industrieschule. This institution was established as a replacement of the Polytechnische Schulen in 1868 and served as a technical middleschool building up on the Gewerbeschule and later on the Realschule. Pupils were either prepared for consecutive studies at the Technische Hochschule (after having passed the final exam at the end of the second year) or for a career in business and industry (after three years of schooling). The
Industrieschule comprised three departments focusing on mechanical, technical, and constructional techniques. 63 Hence, modern secondary education provided an alternative in entitling for university studies (however, only at the technical university). In 1907, Industrieschulen were replaced by
Oberrealschulen.
These Oberrealschulen resulted from integrating Realschulen and Industrieschulen into one school type. Oberrealschulen included nine classes and entitled students for general university admittance. Thus, Oberrealschulen were on equal footing as Gymnasien.
64
The Bavarian schooling system also comprised Realgymnasien which can be understood as a compromise between traditional and modern secondary education. Since there existed only four institutions -Augsburg, Munich, Nuremberg, and Wuerzburg -this institution played a rather minor role in secondary education. 65 Figures 1 and 2 summarize the Bavarian schooling system from 1833 to 1876 and 1876 to 1907, respectively. All in all, modern secondary schooling in form of the Gewerbeschule and Realschule provided general education preparing for commercial and industrial professions; the focus on modern languages, applied mathematics, and natural sciences uniquely differentiates this school type from the traditional Gymnasium. In contrast to the Gymnasium as an institution mainly preparing for 63 Regierungsblatt (1868) consecutive university studies, the Realschule and Gewerbeschule prepared its students for both, technical studies and the (industrial and mercantile) labor market.
The educational system of 19th century Germany was subject to profound changes reflecting political, economic and social struggles and movements of that time
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; thus, the formation of new forms of secondary schooling such as the Realschule, Realgymnasium, Oberrealschule, the Industrieschule and Gewerbeschule can only be understood in light of these movements. As the Gymnasium with its emphasis on classical languages could not offer an education preparing for commercial and industrial occupations, the mercantile middle class demanded the introduction of socalled modern schools: the curricula should focus more on modern languages, mathematics, and natural sciences. 67 These demands were supported by an increasing number of critics who claimed that traditional schools such as the Gymnasium or Lateinschulen could not prepare its pupils for the changes taking place in the scientific, technical, industrial, and commercial environment of that time.
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Support also came from polytechnic advocacy groups promoting general technical education through journals, lectures, exhibitions, prize competitions and also by setting up special libraries. 69 In Bavaria for instance, industrial, polytechnic, and agricultural associations as well as representatives of industry and commerce, individual persons and the press lobbied for a scientific-technical education in form of Gewerbeschulen, Realschulen, and Industrieschulen. A profound scientific-technical education of the labor force was expected to stimulate the economy. 70 The important role of industrial and trade groups in modern secondary education is also manifested by the fact that these groups helped to manage and finance early Gewerbeschulen. Table 6 Education and practical knowledge of Realschule graduates were highly acknowledged by the business environment: merchants, manufacturers, master craftsmen, and other businessmen frequently asked rectors of Realschulen to recommend graduates of their institutions to them. These graduates were also better able to climb the career ladder due to their valuable knowledge obtained at the Realschule.
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However, in order to determine the effect of modern secondary education on economic outcomes, precise information about the educational background of the people employed in industrial and trade-related occupations some years after the introduction of these modern schools is needed. In absence of this information, career aspirations and the number of students attending modern secondary education are indispensable factors in the analysis. It can be supposed that there is a link between the strength of the effect of the school on economic outcomes and the number of students at this school. The following table lists the number of students attending secondary schools from 1834 to 1907 in total as well as per 1,000 people. Table 7 According to Table 7 , an increasing number of children continued to secondary education between 1834 and 1907. Except for the school year of 1841/42 and 1906/07 in case of modern secondary education and 1862/63 in case of traditional secondary education, total student numbers as well as students per 1,000 people rose continuously in both school types. The first years after the Gewerbeschule was introduced, the overall number of students as well as the number of schools declined. However, after 1851/52 student and school numbers of modern secondary education rose steadily -exceeding even those of the traditional Gymnasium in the 1860s and early 1870s. In the closing year of the Gewerbeschule, i.e. 1876/77, 5,375 children attended altogether 40 schools -a number almost four times larger than that of the second school year after its introduction, i.e. 1834/35.
This increase is even more remarkable since the number of schools did not even double between these thirty years. The Realschule started with 7,685 students and 40 schools in 1877/78 and experienced a constant increase in both students and schools. In the last year of its existence -before it was converted into the Oberrealschule -14,031 children attended altogether 55 schools.
The increase of student numbers at the traditional Gymnasium is almost as extreme as that of the Gewerbeschule/Realschule: numbers rose from less than 3,000 in 1871 to almost 20,000 students in 1907. A large fraction of this increase can be attributed to the extension of the Gymnasium from a six-year to a nine-year institution in 1874 (including the Lateinschule). Another reason for this huge difference in student numbers after 1873 is that in case of modern secondary education, counties were
sometimes allowed to open three-year instead of six-year Realschulen. Altogether, the almost constant increase of student and school numbers -besides the slight cutback in the 1840s in case of the Gewerbeschule -demonstrates the rise of both modern and traditional secondary education. The fact that graduates of modern secondary education mainly pursued industrial and business-related careers and were highly esteemed by the local business environment suggests that these schools could have had a positive effect on the economy. This economic role of the Gewerbeschule and Realschule will be analyzed empirically in the subsequent chapters.
III.
In this paper, I compare counties with a Gewerbeschule or Realschule to counties without modern secondary schooling. The implicit assumption underlying the subsequent analysis is that students of modern secondary education do not leave counties after education in order to seek employment or start businesses in other counties. This migration would bias the modern secondary education effectpresumably -downwards if former students settled in counties without this school type. If, however, Did the introduction of modern secondary schooling boost economic performance? To answer this question I separately estimate the following models in case of the Gewerbeschule and Realschule:
where is a per-capita measure of economic performance and is a set of control variables including geography, administrational independence, religious shares, other schools, and advocacy groups.
is a dummy variable indicating whether there was a Gewerbeschule in 1835 or Realschule in 1896 in the respective county. Hence, is the coefficient of interest capturing the economic effect of modern secondary education.
However, as mentioned above, assignment of these schools to counties did not occur randomly, thereby limiting the validity of the estimated treatment effect. I will account for this problem by sample restriction using propensity scores in section IV.
The main source of data is taken from censuses conducted by the royal Bavarian statistical office ('Königlich-Bayerisches Statistisches Bureau') between 1850 and 1907 and its predecessor institutions. 79 These censuses were either published in 'Beiträge zur Statistik des Königreiche Bayern' (BSKB) or in 'Zeitschrift des Königlich Bayerischen Statistischen Bureau' (ZKBSB). Description and source of the employed data is listed in Table A1 in the Appendix; summary statistics are given in Table A2 in the Appendix.
Counties. The observational unit is a county ('Bezirksamt') implying that cities and their respective counties are combined to one observational unit, i.e. county. This applies to all variables: population numbers, existing schools 80 , and measures of economic performance. There are two reasons for merging cities and corresponding counties: first, this allows for the possibility that children from the surrounding countryside visited city schools and second, it can be supposed that any economic effect of modern secondary schooling was not only restricted to the city, but also to the proximate rural districts. As stated above, the available data does not allow controlling for migration of graduates between counties. 79 For more details on the history of the royal Bavarian statistical office see: https://www.statistik.bayern.de/ueberuns/geschichte/ 80 For instance, the city of Munich opened a Gewerbeschule in 1833 and therefore the whole observational unit consisting of the city and its two counties is counted as having a Gewerbeschule. Since the observational unit is a county, once a city opens a Gewerbeschule, the respective observational unit "county" is counted as having a Gewerbeschule. Counties with a Gewerbeschule in 1835 and 1871 are shown in the Appendix by Figure A1 and A2, respectively. The dots without a name correspond to the counties in the control group. with a Realschule in 1878 and 1896 are shown in the Appendix by Figure A3 and A4, respectively.
The dots without a name correspond to counties in the control group.
Other Controls. Data on population numbers are taken from censuses conducted on a county basis in Bavaria in 1840, 1871, 1880, and 1905 . These censuses also state religious affiliations of the population. Becker and Woessmann show that Protestantism led to higher literacy in Prussian counties -imposed by the need to be able to read the Bible -explaining the lead of Protestant counties in economic outcomes in nineteenth century Prussia. 86 The reported summary statistics in Table A2 reveal that counties introducing modern secondary education were on average dominated by Protestants. Disregarding religious denominations might lead to omitted variable bias if certain religions might also affect economic prosperity. Thus, I include the population shares of Jews and Protestants as control variables.
As outlined in section II, industrial and trade associations played a decisive role in modern secondary education. Hence, I control for these lobby groups by using numbers on advocacy groups lobbying for science, economy and education in 1839 (Gewerbeschule) and 1872 (Realschule). The available data only allows using expected instead of actual tax revenues. However, since these were reported on an annual basis it can be supposed that expected tax revenues would have been adjusted if previous expectations had not been met. Hence, they provide a good approximation of actual tax revenues. 88 Eheberg, 'Steuer', Tax revenues are a proxy for GDP commonly used in the literature. 90 Note that due to the lack of data, it is not possible to use the same kind of economic measures to estimate the impact of the Gewerbeschule and Realschule. 
IV.
As Figures A1 to A4 show, Gewerbeschulen and Realschulen were opened in most instances in big, prosperous, and economically developed counties; this is especially true in case of the Gewerbeschule:
the three largest Bavarian cities in population in 1840 -Munich, Landau (Bav. Palatinate), and
Nuremberg -all opened a Gewerbeschule. 93 After all, it was the Bavarian King Ludwig I himself who demanded the opening of a Gewerbeschule in all big cities. 94 In case of the Realschule, Figure A3 implies a weaker relationship between economic development and population of a county and the opening of a Realschule by 1878. However, the difference in population between counties opening and not opening one in 1871 is still positive and significant on the 1%-level. 95 According to the summary statistics given by Table A2 , counties introducing modern secondary education were not only bigger in terms of population but also more likely to be administrational independent, making them a higher class of Bavarian cities. Furthermore, they housed a higher share of Protestants and military and counted more advocacy groups. In case of the Gewerbeschule this is not surprising since these schools were founded in cooperation with local trade and industrial associations, as outlined in section II It can be supposed that existence of these lobby groups is closely linked to economic prosperity of the respective region.
Therefore, the introduction of modern secondary education was presumably driven by endogenous factors (such as population size 96 and economic prosperity). Any OLS estimation not accounting for this endogeneity will lead to biased and inconsistent estimates. Here, endogeneity is likely to arise from two sources: reverse causality and omitted variables. Consequently, the adopted econometric specification in section III is not necessarily able to determine a causal relationship between economic performance and the introduction of the Gewerbeschule. However, it implicates that there exists a positive correlation between these two
variables.
An alternative econometric specification that can be adopted to estimate the economic effect of modern secondary education is propensity score matching as proposed by Rosenbaum and Rubin. 98 Propensity score matching uses observational characteristics to estimate the probability of treatment in terms of the propensity score (which is strictly between 0 and 1). Individuals are then matched according to their propensity scores and treatment effects can be estimated by comparing alike individuals -based on observable characteristics -with and without treatment. This approach enables estimation of treatment effects if treatment is not assigned randomly.
In case of the Gewerbeschule and Realschule this means that additional county characteristics prior to 'treatment' -i.e. opening of these schools -are needed. These characteristics -comprising for example city size, measures reflecting economic development, religion, number and type of existing schools, universities, public health sector, local business and industrial associations, etcetera -help to predict the opening of a Gewerbeschule and/or Realschule. By accounting for these additional variables it is possible to circumvent the endogeneity associated with introduction of these schools and hence estimate a consistent effect on economic outcomes -under the assumption that these observables solely determine the endogeneity. Propensity scores are then calculated using probit regressions based on respective county characteristics. Table A3 and A4 in the Appendix list for each county the respective propensity scores for the introduction of the Gewerbeschule by 1835 and Realschule by 1896.
According to Table A3 , the majority of counties have a relatively low probability of opening a Gewerbeschule. Except for Freising (which opened one despite having a low propensity score), Eichstaett and Germersheim (which both did not open one despite having a high propensity score), the sample is divided into two kinds of counties: those with low propensity scores and no Gewerbeschule and those with high propensity scores and a Gewerbeschule. Thus, the calculated propensity scores confirm the apprehension of section III implying that the introduction of a Gewerbeschule was driven by endogenous factors.
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Propensity scores for the introduction of the Realschule in Table A4 are less divided between treated and non-treated counties: four counties with a propensity score less than 0.1 (i.e. Weilheim, Neumarkt, Kronach, and Wasserburg) opened a Realschule, whereas two counties with a score above 0.8 (i.e. Dillingen and Schwabach) did not open one. This implicates that introduction of a Realschule 99 Note that due to data availability, I have to use data that were in some instances collected some years after introduction of these schools. 100 Probit regression used to predict the introduction of a Gewerbeschule implicates that administrational independence and advocacy groups lobbying for education played a significant (positive) role in deciding whether a county opened this school or not.
did not entirely depend on observable economic characteristics, which may be endogenous to the outcome considered. Thus, the introduction of the Realschule exhibits a higher degree of randomness than the introduction of the Gewerbeschule.
Figures 3 to 6 display corresponding histograms of the frequency distribution of the propensity scores for treated and control groups. Hence, conducting traditional propensity score matching using matching methods does not seem feasible in this case. 101 Crump et al. suggest restricting samples with clear lack of overlap of propensity scores between treated and control groups from 0.1 to 0.9. 102 In case of the Gewerbeschule, the number of observations would shrink to a mere 14 (6 treated). Therefore, I restrict the Gewerbeschule sample to counties with corresponding propensity scores between 0.01 and 0.9. The resulting sample then comprises 34 observations, with 7 of them treated (corresponding to all framed counties in Table A3 ). In case of the Realschule, I follow Crump et al. and restrict the sample to observations with corresponding propensity scores between 0.1 and 0.9. This yields a sample with 53 counties, with 20 of them treated (corresponding to all framed counties in Table A4 ).
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101 In case of the Gewerbeschule and Realschule, propensity score matching still yields 6 balanced blocks indicating that there is no difference in controls and propensity scores between treated and control variables. However, the size of blocks differs from only 2 to 94 (Gewerbeschule) and 7 to 90 (Realschule) observations. 102 See Crump et al., 'Dealing with limited overlap'. 103 Note that three observations (i.e. Hemau, Velburg, and Heilsbronn) will not be used in the subsequent empirical analyses due to the lack of data resulting from local government reorganizations. In 1880 Hemau and Velburg were merged to one county, i.e. Parsberg (Volkert, Handbuch, p. 546) and Heilsbronn was dissolved (Ibid., p. 480). All three counties are used in the calculation of propensity scores but are disregarded from subsequent regressions estimating economic effects after 1880.
V.
The economic impact of the introduction of a Gewerbeschule in a county is presented by Table 8 This suggests that counties with a Gewerbeschule since 1835 are associated with a 0.8 and 3
percentage point higher share of the population employed in services and industry, respectively, and with 3 Marks more expected tax revenues per capita. However, these results are likely to be biased by endogeneity problems. I will deal with this problem below. Realschule between 1877 and 1896 are significantly associated with a higher population share employed in trade and industry and a higher yearly number of new patents some ten to thirty years later, even when controlling for the widest range of socio-economic factors. This finding is in line with the hypothesis that modern secondary education is associated with an industrialized workforce and higher innovativeness proxied by patent grants. Table 9 However, as outlined in section IV, simple OLS regressions based on the whole sample of counties may not be reliable since the opening of a modern secondary school in a county was probably driven by endogenous factors. This implies that any estimation based on the whole sample is comparing completely different kinds of counties. Thus, the following analysis approaches this problem by sample restriction via propensity scores.
OLS results based on restricted samples as outlined in section IV are given in Table 10 for the   Gewerbeschule and Table 11 for the Realschule. Note that these tables present economic effects of modern secondary education for comparable counties -based on propensity scores. Consequently, counties differ substantially only in terms of having opened a Gewerbeschule and/or Realschule or not. Table 10 Results of Panel A in Table 10 Gewerbeschule. This supports the hypothesis that the presence of a Gewerbeschule led to a higher share of the population working in the industrial sector. counties with a Realschule are significantly associated with a higher population share employed in trade and industry even when controlling for a wide range of socioeconomic factors. Furthermore, the
Realschule is once again associated with a higher degree of innovativeness several years later -as captured by patents grants. Results are even more significant than those obtained by the whole sample. Table 11 As outlined in section IV, I restrict the samples based on propensity scores following Crump et al. who propose a sample restriction from 0.1 to 0.9. 104 In case of the Gewerbeschule I depart from this approach since this restriction would shrink the sample size to only 14 observations. However, I use this cutoff as a robustness check for the results obtained for the restricted sample of the Gewerbeschule above. Table 12 reports the results of this further restricted sample consisting of 6 with and 8 counties without a Gewerbeschule. Note that this sample includes only 14 observations. Since the inclusion of control variables would substantially reduce the degrees of freedom, only results obtained by Panel A are shown.
The positive significant effect of the Gewerbeschule on the share of population employed in industry as well as on tax revenues is confirmed. However, the effect on people working in services and business registrations in Panel A is no longer significant. Since the estimates do not change much in magnitude, this results mainly from increasing standard errors due to the smaller sample size. Hence, this robustness check further confirms the obtained positive effects of the introduction of the Gewerbeschule in 1835 on the share of population employed in industry some fifty years later.
All in all, comparing alike counties with and without modern secondary education confirms previous results obtained for the full sample: the effect of modern secondary education on innovations and the share of people employed in industry and trade is highly significant. Hence, counties that introduced this new type of school increased their economic performance in the following years.
VI.
This paper analyzes the role of secondary education in economic development, thereby focusing on innovations taking place in the Bavarian schooling system during the nineteenth century. The introduction of the Gewerbeschule in 1829 and the Realschule in 1877 provide a unique opportunity to study this question in a historical context: polytechnic advocacy groups and the mercantile middle class lobbied for the introduction of these schools claiming that the Gymnasium could not offer an education preparing for commercial and industrial occupations. The Gewerbeschule, and later the Realschule, were supposed to meet this demand by offering scientific-technical as well as general education.
Since the curricula of these schools focused on subjects training commercial and industrial skills, the empirical analysis employs county-level data on business formations and people employed in trade and industry as well as the number of newly granted patents. Counties with are then compared to counties without modern secondary education in respect to these outcome measures capturing Besides effects on the economy, modern secondary education might as well affect social mobility. As the Gymnasium understood itself as an institution for the elite, the introduction of the Gewerbeschule and Realschule might have encouraged other social classes to also participate in secondary schooling.
Related to the issue of social mobility is whether modern secondary education increased private returns of schooling. As Kleinfeller argues, graduates were highly valued by the local business environment. In addition, education obtained at the Realschule/Gewerbeschule enabled former students to reach advanced occupational positions more easily. 106 As Goldin and Goldin and Katz show for the United States, private returns to secondary education were substantial at the beginning of the twentieth century: these amounted to 11 percent for males. 107 Moreover, a High School degree enabled graduates to find employment in profitable, well-paid white collar jobs. Since the American High School with its emphasis on general academic as well as on vocational, commercial, technical, 105 For instance, it could well be that the presence of a modern secondary school itself attracted companies if these believed in the superior technical and commercial skills of graduates. Then the share of people working in industrial and trade professions would increase due to the higher supply of jobs in these sectors. 106 Therefore, the impact of modern secondary education on social mobility as well as on private returns of education provides an interesting field for future research. 108 Goldin, 'America's graduation ', p. 352. 109 In fact, the American secondary schooling system in form of the High School underwent a substantial reform comparable to the Bavarian system imposed by the introduction of the Gewerbeschule. Around 1900 most secondary schools still taught a classical curriculum preparing students for college/university. Like in Bavaria, this school program was conceived as elitist and critics claimed that this education could not meet the demands imposed by the American industry. The curriculum was gradually reformed and courses such as chemistry, shorthand, and accounting were added to the curriculum on the cost of Latin, Greek, and rhetoric. See Goldin, 'Egalitarianism'. An important difference between the American and Bavarian secondary schooling system was that the American High School was open to both genders. I  II  III  IV   Religion  2  2  2  2  2  2  2  1  1   German  6  3  3  2  2  2  2  3  3   Latin  7  10  10  8  8  8  8  7  7   Greek  ---6  6  6  6  6  6   French  -----2  2  2  2   History  --2  2  2  2  2  3  3   Geography  2  2  2  2  2  --- Notes: Number in brackets indicates students per 1,000 people (total Bavarian population) in 1840, 1852, 1861, 1871, 1875, 1880, 1885, 1895, and 1905. a Last year of the Gewerbeschule. b First year of the Realschule. Sources: BSKB, I (1850); BSKB, V (1855), pp. 10-11, 26-7; BSKB, XIV (1866), pp. 9-13; BSKB, XXVII (1873), pp. 68-9, 196-7; Ministerialblatt (1877), p. 114, 473; Ministerialblatt (1886), pp. 278-9; Ministerialblatt (1895), pp. 9-11; Ministerialblatt (1907), pp. 14-6; ZKBSB, 20 (1888), pp. 38-9; Buchinger, Geschichte der Realschule, p. 145; BSB, 192 (1953) , pp.10-11. 
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Figure 2 Bavarian schooling system 1877-1907
Notes: * Gymnasien were nine-year institutions including the five-year Lateinschulen. In cities without a Gymnasium, Lateinschulen could exist on their own. From 1894 onwards, the first six grades of the Gymnasium were called 'Progymnasium'. Progymnasien existed only in combination with a Gymnasium whereas Lateinschulen also existed in cities without Gymnasien. Lateinschulen comprised up to five classes and prepared for transfer to a Progymnasium (in another city 
